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Analysis of the transient processes is a tool for 
investigation of the nature of origin and evolution 
of seismicity dynamics
 The seismic process involves 
various feedbacks forming 
and controlling the seismicity 
evolution. These feedbacks 
are difficult to recognize and 
examine in a stationary 
regime because background 
seismicity variations are week 
and usually their origin is 
studied poorly.
 Transient relaxation 
processes are the response of 
a system to a relatively strong 
effect bringing it out of the 
stationary state. Their study 
provides deeper insights into 
basic properties of the 
medium and mechanisms 
controlling the seismicity 
dynamics.
Aftershock sequences - typical example of the transient 
process
Generally used parameters of 
aftershock sequences
 Omori parameter 
p-value
 Gutenberg-Richter 
b-value
 Fractal dimension of 
hypocenter set
d-value
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Typical regularities of aftershock 
pattern evolution
¾ Decay of  the intensity of aftershock flow: 
Omori law
¾ b-value increasing with time after mainshock
¾ d-value decreasing with time after mainshock
Illustrations of the typical  aftershock decay: 
(Rachin earthquake 1991, M= 6.9, Caucasus)
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d - background seismicity (for epicenters)
dc - fractal dimension of the lithosphere  by coda-waves
df - fractal dimension of the active fault system
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Aftershock decay: Omori law
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Combined parameter: q-value
b-value and d-value can be 
combined to the unified 
formula for average time 
interval between two 
consequence failures of the 
area of size ls within 
aftershock region.
q
ss ll ⋅= 0)( ττ
,/10 Activity∝τ
dbq −=α
] lg)([ βα += ss llM
Physics Theory and Seismicity 
Statistics
 The problem of comparison of the theoretical and 
statistical results: corresponding areas of space are 
significantly differ by size
 The area of observation with representative statistics is 
usually significantly large then the area of failure (which 
is considered in physics theories)
 The problem of correct recalculation of statistical 
estimates from the area of observation to the area of 
failure (revealing and taking into consideration of the 
scale factor)
The estimate for the duration of the 
failure cycle: the idea
The task: recalculate the frequency of events with source ls occurred within the area L to the 
average frequency of these events (with source ls), but within the area of size ls .
• ls – failure area
• L – observation area
• N(ls,L) – the number of events with source size ls,
within the area L during time T.
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The estimate for the duration of the 
failure cycle: technique
Original parameters (on the base of catalogue data):
 Number of earthquakes N(L) for magnitude interval [M1,M2] within area of 
size L during time interval T
 Estimates for b-value and d-value
 Parameters of relation: 
The Procedure:
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Frequency-magnitude 
relation;
N(L) during interval T;
b-value;
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Generalized frequency-magnitude 
relation
(Unified scaling law of seismicity)
(Keilis-Borok et al., 1989; Chelidze, 1989;
Bak et al., 2002)
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Aftershock decay: q-value variations
 If q=0 then τ(ls)=0
 If q<0 then "time of 
life" τ(ls) is less for 
larger ls . It means, 
that intensity of the 
failure process is 
higher for larger
scales.
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Laboratory experiment
 Experiment was carried out in the Rock 
Friction Laboratory, USGS, Menlo Park. 
 Acoustic emission was recorded by the 
system of sensors placed on the surface 
of granite specimen. The confining 
pressure was equal to 50 MPa during the 
whole experiment .
 The system allows to estimate the 
origination time, position and relative 
energy of the individual acoustic events. 
The catalogue of acoustic events was 
created. 
Simulation of the aftershock sequences: 
stepped loading
The excitation 
of acoustic 
regime is 
caused only by 
abrupt stress 
increasing 
without of any 
mainshock
rupture 
generation
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Aftershocks:
field and laboratory
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During the decay of aftershocks
the failure is redistributed from
larger to smaller scales
(so named direct cascade)
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AE Sequences for various stress
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p- and b-value variations
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Summary
 The typical features of the aftershock decay along with 
Omori law is the redistribution of the intensity of the 
failure process from larger scales to smaller ones.
 The laboratory investigations shown, that the presence 
of a main shock (in the seismological meaning) is not a 
necessary condition for the development of the 
scenario typical for aftershock decay.
 Omori parameter (p-value) depends on the stress 
or/and failure stage.
Conclusion
 In our opinion, typical properties of aftershock decay 
reflect the universal scenario for relaxation of any stress 
perturbation in the heterogeneous medium. 
 This scenario is mainly controlled by the properties of 
the geological medium – a stressed heterogeneous 
hierarchical system. It doesn't depend (or depend 
weakly) on the nature and properties of the 
perturbation source.  
